Invited speakers, presenters, and participants
The objective of the two symposia was to invite experts and researchers world-wide in the cardiovascular diseases and vulnerable plaque research area to exchange the most updated research techniques and findings, to provide training to newer researchers and students, and form a joined force to push the image-based research effort closer to clinical applications. Invited speakers and participants at the WPI symposium included Don Giddens and David Molony (Georgia Tech), Jonathon Gillard and Zhongzhao Teng (Cambridge University, UK), Peter Stone (Harvard Medical School), David Saloner (UCSF), Jolanda Wentzel and Frank Gijsen (Erasmus Medical Center, the
Specific themes of the symposia
Due to the complexity and multi-disciplinary nature of the problems faced by the researchers, we need to combine medical imaging and modeling with other modalities for better potential in patient screening and clinical event prediction. Computational modeling should be integrated with in vivo intravascular ultrasound (IVUS), angiography, Magnetic Resonance Imaging (MRI), mechanical testing, and histological analysis to analyze vulnerable atherosclerotic plaques and identify critical blood flow and plaque stress/strain indicators which may be used for quantitative carotid/coronary plaque vulnerability assessment. The papers presented with intensive panel discussions at the two symposia were focused on the following four specific themes: Theme 1. Identify critical issues encountered in medical image acquisition related to cardiovascular diseases and vulnerable plaque research and develop corresponding strategies including image resolution, disease and vulnerable plaque identification, cap thickness, intraplaque hemorrhage, and thrombosis; Theme 2. Identify critical issues in mechanical testing and quantification of material properties and other boundary conditions such as vessel branching, flow rate and velocity specifications, surface inflammation and blood pressure; 
Problems and topics discussed
The invited speakers and participants at the symposia had intensive discussions on the following critical issues and major challenges: a) Gold standard for in vivo assessment of vulnerable plaques. Histology has been serving as the gold standard for imaging technique development, as well as plaque assessment and classifications. However, such a gold standard does not exist for investigations based on in vivo data. How do we proceed to establish such gold standards and bench marks for plaque assessment? b) It is known that MRI and IVUS still need to have better resolution to better quantify thin plaque caps, lumen surface conditions, plaque components, and detect vulnerable plaques. What are the possible ways to further develop imaging techniques to meet those needs? c) How could we use in vivo imaging techniques to determine blood pressure and material properties? What are the barriers and strategies to overcome them? d) What are the basic skills needed in constructing FSI models based on in vivo data? What are the strategies to reduce the intensive model construction labor? Best practice for sharing? e) What are the challenges in discovering possible mechanisms governing plaque progression and rupture? How could we validate our findings? f) How do we identify potential risk factors and quantify their prediction power for clinical events? g) Strategies to bring research closer to realistic patient screening and diagnostic applications.
Future directions
Discussion of the topics leads to future tasks and directions. Interdisciplinary collaborations will definitely be needed. Researchers should go beyond their own expertise to understand the bigger picture so that they could further advance their own area. a) Medical images need to improve resolution so that models can have more accurate data; b) Image-based models will include more complete in vivo data and make better predictions; c) Predictive methods should be developed and validated by clinical follow-up studies for potential clinical implementations; d) Data and model sharing will help to advance research closer to "precision medicine"; e) Bring research to practice: software development, medical devices, and commercialization.
Papers selected in this issue
Papers selected in this special issue cover a variety of new areas and topics. New modeling papers including work by Molony et al. showing significant differences for models with and without coronary branches [15] , Lu et al. paper for neovessels with intraplaque hemorrhage [16] , Sanyal and Han's paper for plaques with buckling [17] , Barrett et al.'s paper characterizing human atherosclerotic carotid plaque tissue composition and morphology using combined spectroscopic and imaging modalities [18] , and Liu's paper investigating influence of model boundary conditions on blood flow patterns in coronary plaque models [19] . Cunnane et al. used simulation of human atherosclerotic femoral plaque tissue to study the influence of plaque material model on numerical results [20] . Ventricle model papers included a review paper by Lee et al. [21] and a mechanical analysis paper by Gan et al. [22] . Experimental and numerical studies of the circle of Willis were presented by Zhu et al. [23] and Ren et al. [24] . Several papers presented new imaging techniques for better resolutions and/or applications [25] [26] [27] [28] . Papers by Chen et al. and Liu et al. represented some effort in medical device and clinical interventions [29, 30] . Das' et al. paper represented an effort in automating numerical method for potential software implementation and commercialization [31] , even though some simple samples were used for illustration. This is certainly a limited collection of papers from the participants of the symposia. Rather than presenting results and providing solutions, the purpose of the symposia was to identify problems and future directions. Some of those were given in Sections 4 & 5. We need all the wisdom we can get collectively from all the disciplines and researchers to overcome the challenges we are facing.
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